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5 IOTRODGCTION 

Rftlafgd Applir^ion Data 

The present application is a continuation-in-part of U.S. 
Patent Application Serial No. 08/372,200. 

10 Tffrtl n ^ al Field 

The present invention is directed to compositions and 
methods related to modification of the sucrose biosynthesis 
pathway to alter the soluble solids content in selected plant 
tissue. 

15 

Background 

^ With the development of genetic engineering techniques, it 

is now possible to transfer genes from a variety of organism 
into the genome of a large number of different plant species. 

20 This process has many advantages over plant breeding techniques 
as genes may now be transferred from one plant species to 
another plant species, rather than simply from a plant to the 
same, or different, but closely related, species. 
Sucrose is one of the primary end products of 

25 photosyrfthesis in higher plants. It is also the major 

carbohydrate transported to sucrose accumulating, or carbon 
sink, tissues for plant growth and development (Pate, (1976) In 
Transport and Transfer Processes in Plants, pp. 253-289, 
Wardlaw, J.F., Passioura, J.B., eds. Academic Press, New York) . 

SUBSTITUTE SHEET (RULE 26) 



WO 96/21738 



PCTO3SW00562 



Plant regions, such as leaf tissue, where sucrose is synthesized 
are commonly referred to as sucrose source tissue. Plant 
storage organs, such as roots or tubers, and fruits are examples 

of sink tissues. - ■* 

5 Sucrose phosphate synthase (SPS) cDNA sequence, SPS 

constructs and transgenic SPS tomato lines are described in 
copending Application, Serial No. 08/175,471. This information 
is also published in Worrell et al. {The Plant Cell (1991) 
3:1121-1130). incorporated herein by reference. In particular, 
10 the copending application describes a maize SPS under the 
control of the Rubisco small subunit promoter (SSU promoter) 
from tobacco, providing preferential expression in leaf tissue. 
Maximum activity of SPS is shown to be significantly increased 
in leaves of tomato plants expressing the maize SPS. and the 
15 absolute levels of starch and sucrose in the leaves are altered 
in the predicted manner. 

Tirl tyrant; Til 1 -"™* 11 ™ 

SPS encoding sequences and the generation of transgenic 
tomato lines from the pCGN3812 SSU-SPS construct is described by 
20 Worrell et al. (The Plant Cell (1991) 3:1121-1130). 

Galtier et al. (Plant Physiol. (1993) 101:535-543) examined 
the photosynthetic characteristics of SPS transf ormants . 

In PCT Application WO 94/00563 antisense potato SPS is 
placed behind a tuber promoter and used to alter the sucrose 

25 levels in potato. ' 

Acid invertase encoding sequences are described by Klann 
et. al., {Plant Phys. (1992) 95:351-353.) 
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SUMMARY OF THB INVENTION 

By this invention,* a method is disclosed whereby a 
construct encoding sucrose phosphate synthase (SPS) can be used 
to modify the solids content of plant sink tissue. Soluble 
5 solids include simple sugars, but also can include certain 
soluble polymers, and other soluble cell components. Total 
solids includes more complex carbon compounds, such as starches 
and cellulose. In one embodiment of the present invention, 
methods sure disclosed for increasing the sweetness of fruit. 

10 The method provided for increasing the total solids in a 

plant sink tissue will modify total solids from a given ratio of 
total solids per unit weight of sink tissue, as measured in 
control plant cells, to a different ratio of total solids per 
unit weight of sink tissue. The amount of sucrose available to 

15 growing tissues in the plant is increased, and the increased 

sucrose results in increased total solids per xmit weight in the 
sink tissues of the plant. The method generally comprises 
growing a plant having integrated into its genome a construct 
comprising as operably linked components in the 5' to 3' 

20 direction of transcription, a transcription initiation region 
functional in a plant cell and a ENA encoding SPS. 

The construct transcription initiation region may be 
constitutive or tissue specific, i.e., preferentially expressed 
and functional in cells of a particular plant tissue, for 

25 instance fruit or leaf. Many such tissue specific promoter 
regions are known, such as the Rubisco small subunit promoter 
preferentially expressed in leaf tissue, the patatin promoter 
expressed in potato tubers and the E8 promoter specific for 
fruit tissue. 

0 
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in one embodiment the method produces sink tissue having 
increased carbon as soluble solids, as an increased ratio of 
soluble solids per unit weight of sink tissue, as compared to 
that measured in control plant cells. This results from the ) 
increased levels of sucrose generating an increased rate of 
transportation of the available sucrose into the carbon sink 
tissue . 

in another embodiment a method is provided for modifying 
the soluble solids ratios in sink tissue, such as the ratio of 
sucrose to fructose, as compared to that measured in control 
plant cells or tissue. If the increased soluble solids in said 
sink tissue comprises fructose, a phenotype will result having 
an increased sweetness as opposed to the control tissue. 
Methods are also disclosed, however, whereby a decreased ratio 
of fructose to sucrose, and whereby a reduced sweetness 
phenotype may be produced. 

The use of constructs comprising encoding sequences to J 
other sucrose metabolizing enzymes, such as acid invertase, or 
the utilization of such enzymes which are endogenous to the 
plant sink cells, can be advantageously used with this 
invention. For instance, acid invertase can be expressed in the 
cells of sink tissue from an expression construct, or. 
alternatively, the sink tissue can be prevented from converting 
sucrose to fructose and glucose by the use of an antisense acid 
invertase construct, whereby cells of the sink tissue will have 
a decreased acid invertase activity, and thereby a decreased 
ratio of fructose to sucrose as compared to cells in a control 
sink tissue. 4 



25 
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Considered part of this invention are the plants, plant 
* cells and plant sink tissue transformed by nucleic acid 
sequences to SPS demonstrating a modified carbon solids content. 
The modification can be an increase in one or more solids 
5 components, or a change to the ratios of solids components. 

In a particular embodiment, the invention provides fruit 
having increased total soluble solids and/or modified or 
increased fructose levels, as measured per unit weight. 

A preferred embodiment includes fruit having a modified 
10 ^ sweetness phenotype, either from a total increase in sweetness 
;&by percentage of fruit weight, or from an increased ratio of 
fructose to sucrose in the soluble solids. 

Transformed plant cells of this invention are obtainable 
through plant trans formation techniques which utilize 
15 AgroJbacterium to transfer DNA to the plant cells or 

alternatively through direct transfer techniques such as 
electroporation, microinjection or DNA bombardment. In either 
case, plant carbon sink tissue, such as fruit, may be obtained 
which has increased or decreased soluble solids content and/ or 
20 -modified sweetness properties. 

-vV** 

C8TAXLED DESCRIPTION OF THK XNW7X0N 

This invention is directed to a method for producing plant 
cells demonstrating modified soluble solids content. The method 
25 .utilizes a DNA sequence encoding SPS integrated In the cellular 
genome as the result of genetic engineering. Plant fruit which 
contains increased levels of soluble solids and an altered 
sweetness phenotype is also contemplated in this invention. The 

5 
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gene encoding SPS is described in copending Application Serial 
Number 08/175.471. filed on* December 27. 1S93. 

The mechanism whereby the expression of exogenous SPS 
modifies carbon relationships derives from source-sink ^ 
5 relationships. For instance, in those situations where SPS is 
expressed in leaves, plants have higher sugar and less starch in 
the leaves. The leaf tissue is a sucrose source, and if this 
higher sucrose is transported to a sink it results in increased 
storage carbon (sugars, starch, etc.) per given weight of the 

10 sink tissue. 

The increased soluble solids in transgenic tomato lines 
transformed with SPS behind an SSU promoter showed an increase 
in glucose and fructose over sucrose. Similarly, when the fruit 
specific E8 promoter was used to express SPS, the resultant 

15 increase was in the form of the glucose and fructose. 

By this invention, then, the increased carbon produced in a 
plant sink tissue in the form of soluble solids may be in the; ) 
form of an increase in glucose and fructose levels as an 
alternative to, or as well as in, changes to levels of sucrose. 

20 In the tomato fruit glucose and fructose are produced from 

sucrose due to a vacuolar acid invertase that comes on during 
ripening. Acid invertase converts sucrose to glucose and 
fructose, and is known to affect fruit sweetness (Hubbard et al. 
(1991) Physiol. Plant. 82:191-196). It was not known prior to 

25 the invention whether an increase flow of sucrose into the fruit 
of tomato would be converted by exogenous acid invertase levels 

in this manner. 

Fructose is twice as sweet, on a molar basis, as glucose, 
thus the invention provides a mechanism by which to selectively 

6 *: 
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increase fructose in fruits for increasing sweetness. Thus, in 
one embodiment, this invention produces tomato fruit (a sink 
tissue) having increased sweetness. 

Thus, the method of altering sink tissue solids with 
5 sequences to SPS may be advantageously used in conjunction with 
endogenous sucrose metabolizing enzymes, whereby sequences to 
SPS are employed as the sole transformed encoding sequence. The 
method may also be employed in conjunction with other 
^transformed sequences, for instance sequences encoding other 

10 sucrose metabolizing enzymes. Inhibition of certain sucrose 
metabolizing enzymes could result from the use of antisense 
expression. The inhibition of acid invertase in tomato fruit, 
for instance, can lead to fruit having elevated levels of 
sucrose in the tomato fruit . The sequence to acid invertase is 

15 known (Klann et al., (1992) Plant. Phys. (1992) 93:351-353). 
Expression of other sucrose metabolizing enzymes may result in 
alterations to other carbon components, for instance the 
expression of starch synthesizing enzymes to act in concert with 
the increase availability of sucrose may result in increased 

20 starch levels in the sink tissue. - Such enzymes are known to the 
art, with many described in copending application having the 
serial number 08/016,881, the teachings of which are 
incorporated herein by reference. The transformation of plants 
using glycogen synthesis enzymes (glgA, glgB and glgC). to modify 

25 starch con«>ositions is described in U.S. Patent No. 5,349,123. 
£ A sucrose metabolizing enzyme considered in this invention 
includes any sequence of amino acids, such as protein, 
polypeptide, or peptide fragment, which demonstrates the ability 
to catalyze a reaction involved in the synthesis or degradation 
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of sucrose or a precursor of sucrose. These can be endogenous 
plant sequences, by which is meant any sequence which can be 
naturally found in a plant cell, including native (indigenous) 
plant sequences as well as sequences from plant viruses or pi ^ 
5 pathogenic bacteria, such as Agrobacterium or Rhizobivm species 
that are naturally found and functional in plant cells. 

It will be recognized by one of ordinary skill in the art 
that sucrose metabolizing enzyme sequences may also be modified 
using standard techniques of site specific mutation or PCR, or 

10 modification of the sequence may be accomplished in producing a 
synthetic nucleic acid sequence and will still be considered a 
sucrose biosynthesis enzyme nucleic acid sequence of this 
invention. For example, wobble positions in codons may be 
changed such that the nucleic acid sequence encodes the same 

15 amino acid sequence, or alternatively, codons can be altered 
such that conservative amino acid substitutions result. In 
either case, the peptide or protein maintains the desired , | 
enzymatic activity and is thus considered part of the instant 
invention. 

20 A nucleic acid sequence to a sucrose metabolizing enzyme 

may be a DNA or RNA sequence, derived from genomic DNA, cDNA, 
mRNA, or may be synthesized in whole or in part. The structural 
gene sequences may be cloned, for example, by isolating genomic 
ENA from an appropriate source, and amplifying and cloning the 

25 sequence of interest using a polymerase chain reaction (PCR) . ' 
Alternatively, the gene sequences may be synthesized, either 
conE>letely or in part, especially where it is desirable to 
provide plant-preferred sequences. Thus, all or a portion of 
the desired structural gene may be synthesized using codons 
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preferred by a selected plant host. Plant -preferred codons may 
be determined, for example, from the codons used most • frequently 
in the proteins expressed in a particular plant host species. 
Other modifications of the gene sequences may result in mutants 
5 having slightly altered activity. Once obtained, a sucrose 
metabolizing enzyme may be utilized with the SPS sequence in a 
variety of ways. 

Other endogenous plant sequences may be useful in nucleic 
acid constructs of this invention, for example to provide for 

10 transcription of the sucrose metabolizing enzyme sequences. 

Transcriptional regulatory regions are located ixmnediately 5 ' to 
the DMA sequences of the gene of interest, and may be obtained 
from sequences available in the literature, or identified and 
characterized by isolating genes having a desirable 

15 transcription pattern in plants, and studying the 5' nucleic 

acid sequences. Numerous transcription initiation regions which 
provide for a variety of constitutive or regulatable, e.g. 
inducible, expression in a plant cell are known. Among 
sequences known to be useful in providing for constitutive gene 

20 expression are regulatory regions associated with Agrobacterium 
genes; such as for nopaline synthase (1/os) , mannopine synthase 
{Mas) , or octopine synthase (Ocs) , as well as regions coding for 
expression of viral genes, such as the 35S and 1SS regions of 
cauliflower mosaic virus (CaMV) . Hie term constitutive as used 

25 herein does not necessarily indicate that a gene is expressed at 
the same level in all cell types, but that the gene is expressed 
in a wide range of cell types, although some variation in 
abundance is often detectable. 

9 
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in providing for transcription and/or expression of the 
sucrose metabolizing enzyme sequences, for various reasons one 
may wish to limit the expression of these enzymes to plant cells 
which function as carbon sinks. Towards this end, one can ) 
5 identify useful transcriptional initiation regions that provide 
for expression preferentially in specific tissue types, such as 
roots, tubers, seeds or fruit. These sequences may be 
identified from cDNA libraries using differential screening 
techniques, for example, or may be derived from sequences known 
10 in the literature. Useful transcriptional initiation regions 
preferentially provide for transcription in certain tissues or 
under certain growth conditions, such as those from napin, seed 
or leaf ACP, the small subunit of RUBISCO, patatin, zein. and 
the like. Fruit specific promoters are also known, one such 
15 promoter is the E8 promoter, described in Deikman et al. (1988) 
EUBO J. 2:3315-3320; and DellaPenna et al. (1989) Plant Cell 
1:53-63, the teachings of which are incorporated herein by 
reference. An E8-SPS construct (fruit-specific promoter) will 
express SPS in a fruit-specific manner, whereby the levels of 
20 sucrose produced in the fruit may be elevated. If coupled with 
antisense invertase, the increase in sucrose would be 
maintained. This is a particular issue in tomatoes where acid 
invertase present in the fruit drives the production of glucose 
and fructose from sucrose. 
25 Sequences to be transcribed are located 3- to the plant 

transcription initiation region and may be oriented, in the 5 1 - 
3« direction, in the sense orientation or the antisense 
orientation. In the sense orientation, an mRNA strand is 
produced which encodes the desired sucrose metabolizing enzyme. 

10 
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while in antisense constructs, an RNA sequence complementary to 
an enzyme coding sequence is produced. The sense orientation is 
desirable when one wishes to produce the sucrose metabolizing 
enzyme in plant cells, whereas the antisense strand may be 
5 useful to inhibit production of a related plant sucrose 

metabolizing enzymes. The presence of sucrose metabolizing 
enzyme sequences in the genome of the plant host cell may be 
confirmed, for example by a Southern analysis of DNA or a 
Northern analysis of RNA sequences or by PCR methods. 

10 In addition to sequences providing for transcriptional 

initiation in a plant cell/ also of interest are sequences which 
provide for transcriptional and translational initiation of a 
desired sequence encoding a sucrose metabolizing enzyme. 
Translational initiation regions may be provided from the source 

15 of the transcriptional initiation region or from the gene of 
interest. In this manner, expression of the sucrose 
metabolizing enzyme in a plant cell is provided. The presence 
of the sucrose metabolizing enzyme in the plant host cell may be 
confirmed by a variety of methods including a immunological 

20 analysis of the protein (e.g. Western or ELIZA) , as a result of 
phenotypic changes observed in the cell, such as altered soluble 
solids content^ or by assay for increased enzyme activity, and 
the like* Other sequences may be included in the nucleic acid 
construct providing for expression of the sucrose metabolizing 

25 eniymes ("expression constructs") of this invention, including 
endogenous plant transcription termination regions which will be 
located 3' to the desired sucrose metabolizing enzyme encoding 
sequence. For instance, transcription termination sequences 
derived from a patatin gene may be utilized when the sink tissue 

11 
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is potato tubers. Transcription termination regions may also be 
derived from genes other than those used to regulate the 
transcription in the nucleic acid constructs of this invention. 
Transcription termination regions may be derived from a varie' ^ 
5 of different gene sequences, including the Agrobacterium, viral 
and plant genes discussed above for their desirable 5* 
regulatory sequences. 

Further constructs are considered which provide for 
transcription and/or expression of more than one sucrose 
10 metabolizing enzyme. For example, one may wish to provide 
enzymes to plant cells of the sink tissue which provide for 
modification of the type of soluble solids to be produced 
therein, as well as for enhancing or otherwise modifying the 
increase or decrease in overall soluble solids production. An 
15 example of enzymes which may prove useful in modifying soluble 
solids ratios is the acid invertase enzyme. 

In developing the nucleic acid constructs of this ) 
invention, the various conqponents of the construct or fragments 
thereof will normally be inserted into a convenient cloning 
20 vector, e.g. a plasmid, which is capable of replication in a 

bacterial host, e.g. E. coli. Numerous vectors exist that have 
been described in the literature, many of which are commercially 
available. After each cloning, the cloning vector with the 
desired insert may be isolated and subjected to further 
25 manipulation, such as restrictioA, insertion of new fragments or 
nucleotides, ligation, deletion, mutation, resection, etc. so as 
to tailor the components of the desired sequence. Once the 
construct has been completed, it may then be transferred to an 

12 
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appropriate vector for further manipulation in accordance with 
the manner of transformation of the host cell. 

The constructs of this invention providing for 
transcription and/or expression of sucrose metabolizing enzyme 
5 sequences of this invention may be utilized as vectors for plant 
cell transformation. The manner in which nucleic acid sequences 
are introduced into the plant host cell is not critical to this 
invention. Direct DNA transfer techniques, such as 
electroporation, microinjection or DNA bombardment may be 

10 useful. To aid in identification of transformed plant cells, 
the constructs of this invention may be further manipulated to 
include plant selectable markers. The use of plant selectable 
markers is preferred in this invention as the amount of 
experimentation required to detect plant cells is greatly 

15 reduced when a selectable marker is expressed. Useful 

selectable markers include enzymes which provide for resistance 
to an antibiotic such as gentamycin, hygromycin, kanamycin, and 
the like. Similarly, enzymes providing for production of a 
compound identifiable by color change, such as GUS, or 

20 luminescence, such as lucif erase are useful. 

An alternative method of plant cell transformation employs 
plant vectors-which contain additional sequences which provide 
for transfer of the desired sucrose metabolizing enzyme 
sequences to a plant host cell and stable integration of these 

25 sequences into the genome of the desired plant host. Selectable 
markers may also be useful in these nucleic acid constructs to 
provide for differentiation of plant cells containing the 
desired sequences from those which have only the native genetic 
material. Sequences useful in providing for transfer of nucleic 

1 3 
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acid sequences to host plant cells may be derived from plant 
pathogenic bacteria, such as Agrobacterivm or Rhizbgenes. plant 
pathogenic viruses, or plant transposable elements, 

When Agrobacterivm is utilized for plant transformation. : ) 
5 may be desirable to have the desired nucleic acid sequences 
bordered on one or both ends by T-DNA. in particular the left 
and right border regions, and more particularly, at least the 
right border region. These border regions may also be useful 
when other methods of transformation are employed. 
10 Where Agrobacterivm or Rhizogenes sequences are utilized 

for plant transformation, a vector may be used which may be 
introduced into an Agrobacterium host for homologous 
recombination with the T-DNA on the Ti- or Ri-plasmid present in 
the host. The Ti- or Ri- containing the T-DNA for recombination 
15 may be armed (capable of causing gall formation), or disarmed 
(incapable of causing gall formation), the latter being 
permissible so long as a functional complement of the vir genet;. J 
which encode trans-acting factors necessary for transfer of DNA 
to plant host cells, is present in the transformed Agrobacterium 
20 host. Using an armed Agrobacterium strain can result in a 

^ure of normal plant cells, some of which contain the desired 
nucleic acid sequences, and plant cells capable of gall 
formation due to the presence of tumor formation genes. Cells 
containing the desired nucleic acid sequences, but lacking tumor 
25 genes can be selected from the mixture such that normal 
transgenic plants may be obtained. 

in a preferred method where Agrobacterium is used as the 
vehicle for transforming host plant cells, the expression or 
transcription construct bordered by the T-DNA border region(s) ,^ 
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will be inserted into a broad host range vector capable of 
replication in'E. coli and Agrohacterium, there being broad host 
range vectors described in the literature. Commonly used is 
pRK2 or derivatives thereof. See, for example, Ditta, et al. r 
5 (Proc. Mat. Acad. Sci., U.S.A. (1980) 77:7347-7351) and EPA 0 
120 515, which are incorporated herein by reference. 
Alternatively, one may insert the sequences to be expressed in 
plant cells into a vector containing separate replication 
sequences, one of which stabilizes the vector in E. coli, and 

10 the other in Agrohacterium. See, for example, McBride and 
Summerfelt (Plant Mol. Biol. (1990) 24:269^276), wherein the 
pRiHRI (Jouanin, et al.. Hoi. Gen. Genet. (1985) 201:370-374) 
origin of replication is utilized and provides for added 
stability of the plant expression vectors in host Agrohacterium 

15 cells. 

Utilizing vectors such as those described above, which can 
replicate in Agrofaacterium is preferred. In this manner, 
recombination of plasmids is not required and the host 
Agrobacterium vir regions can supply trans-acting factors 
20 required for transfer of the T-BNA bordered sequences to plant 
host cells . 

In general, the plant vectors of this invention will 
contain sucrose metabolizing enzyme sequence (s) and sequences 
providing for transcription or expression of these sequences in 
25 a plant host -cell. The plant vectors containing the desired ' 
sequences may be employed with a wide variety of plant cells and 
plants. Fruit producing plants and plants which produce and 
store reserve starch are of particular interest, the latter 
including, but in no way limited to, com, cereal grains, 

15 
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sorghum, rice, potato, tapioca , cassava, arrowroot and sago. 

The method may also oe useiux x^e^^ng s—e s_ x-i 

fruits, including, but in no way limited to, tomato, strawberry 
and melon. 

5 Also considered part of this invention are plants 

containing the nucleic acid sequences of this invention, and 
following from that, plants modified by the expression of SPS 
and possibly additional sucrose metabolizing enzymes as the 
result of expression of the sequences in plant cells, or having 
10 a decreased expression of a such by the inhibition of such 
additional sucrose metabolizing enzymes from antisense 
expression of the encoding sequences. Methods of regenerating 
whole plants from plant cells are known in the art, and the 
method of obtaining transformed and regenerated plants is not 
15 critical to this invention. In general, transformed plant cells 
are cultured in an appropriate medium, which may contain 
selective agents such as antibiotics, where selectable marker _:) 
are used to facilitate identification of transformed plant 
cells. Once callus forms, shoot formation can be encouraged by 
20 employing the appropriate plant hormones in accordance with 

known methods and the shoots transferred to rooting medium for 
regeneration of plants. The plants may then be used to 
establish repetitive generations either from seed or using 
vegetative propagation techniques. 
25 The (invention now being generally described, it will be 

more readily understood by reference to the following examples 
which are included for purposes of illustration only and are not 
intended to limit the present invention. 

16 
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Measurement of specific gravity or free sugar content may 
be useful to detect modified sweetness or total soluble solids, - 
with other methods, such as HPLC and gel filtration, also being 
useful. 

5 

EXAMPLES 

Constructs- and plants with the designations 3812 and 3815 
are as described in copending Application Serial No. 08/175,471, 
which in turn is a continuation of U.S. Patent Application 

10 Serial No. 07/672,646, both of which are incorporated by 
reference. Briefly, the construct pCGN3812 contains the 
construct S'-SSS-nptll-tml-S'/S'stobacco Rubisco SSU-maize SPS 
cDNA-3'. The construct pCGN3815 contains the construct 5'-35S- 
.nptII-tmi-3 • /5 '35S-maize SPS cENA-3 • . Tomato lines arising from 

15 separate transformation events are signified by a hyphen and a 
number following the construct designation. 

Kxaaple 1 - Soluble Solids in T2 8BO-B9& Plants 

Investigation of the soluble solids in the fruits of the 
20 SSU-SPS lines was initially done on. extracts from fruit of 3812- 
9 and 3812-11 lines grown in a Biotron incubator. T2 plants were 
illuminated by inetal halide lamps at a peak level of 500 nmol 
photons /m/s (pot level), 26 C for the 16 h day and 18 C at 
night, and a relative humidity of 60 %. Plants were watered 
25 daily with half -strength Hoagland's solution (Hoagland and 

Arnon, Calif. Agricult. Exp. Sta. Cir. (1938) 357.-1-39;. These 
lines were segregating as the original lines contained at least 
2 insertions . j j 

\ ■ 
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Brix analysis (soluble solids) on extracts from these 
plants revealed lines with Brix readings as much as 40% higher 
than the controls. The extracts measured were the average of 3 
fruit from one plant. ■ ■ 

Measurements were also taken for fruit from a segregating 
T2 population of 3812-11 plants in the greenhouse. The controls 
averaged a Brix reading of 3.5 while the transgenics averaged 
4.0, an increase of 14%. 



10 



Example 2 - Hooozygous Plants 

T4 homozygous lines were generated from original 3812-9 
transformants in UC82-B tomatoes. The original line segregated 
15:1 for Kan resistance, indicating that is it had two insertion 
sites. Two homozygous lines were generated and verified to be 
15 different by Southern border analysis. These lines were 

designated A and B. 

Individual homozygote (T4) lines were grown in the 
greenhouse, with three fruit taken from each plant and 3 plants 
analyzed from each line. The Brix of the UC82B controls was 
20 3.35 while the Brix on the 3812-9 lines ranged from 3.7 to 4 .1. 
This is an increase from 12 % to 24 %. Statistics (LSD) on all 
the lines in which fruit from 3 plants were analyzed showed 
these results to be significant at a .01% level (99%). 

Measurements were also made on homozygous lines of tomato 
25 plants transformed with the 35S CaMV promoter-SPS construct ' 
PCGN3815. in one line, 3815-13-2 there was a substantial 
increase in yield of tomatoes, in terms of an increase in both 
fruit size and in fruit number, as measured against non- 
transformed control plants and as against SSU-SPS homozygous 
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line controls. The 3815-13-2 plants also produced a second 
flush of fruit* A second transgenic line containing the 
pCGN3 815 construct did not produce these dramatic yield 
) increases. 
5 

Katanpl* 3 - Brix Analysis of Fisld Trial SSU-0P0 Fruit 

Field trial results of RI measurements are provided in 
Table 1. The R/I {refractive index) was measured several times 
on the fruit of these plants (Table 1) . R/I is a measure of 
10 soluble solids and is indicative of sugars and acids. The 

transgenic A lines consistently had a higher R/I (3.9 to 4.1) 
than the control. (3.5). 
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lm 4 - HPIiC Analysis on SSU-SPS Fruit Sugars 

Fruit from the SPS plants described in Example 3 were 
further analyzed by HPLC to determine contributions of 
individual sugars to the increased soluble solids content. As ) 
5 seen in Table 2, sucrose did not increase as much as might be 
expected based on the fact that sucrose is the sugar transported 
by the plant into the fruit. Glucose was not increased as much 
as fructose, which increased nearly 50 %. 

It is evident from the above results, that plant cells and 
10 plants can be produced which have improved properties or may 
produce a desired phenotype. In accordance with the subject 
invention, it is now seen that SPS sequences may be introduced 
into a plant host cell and be used to express the enzyme to 
increase soluble solids content in fruit. Moreover, it is seen 
15 that the SPS may be used to alter the overall content and ratio 
of soluble solids in plant sink tissue, resulting in a 
demonstrable phenotype in planta, such as altered fruit \ | 

sweetness. In this manner, fruits, such as tomato fruit, having 
modified sweetness may be obtained. 



lm 5 - Fruit Specific Bxprssssion of SPS 

E8-SPS constructs designated as pCGN3342 and pCGN3343 
contain the tomato E8 promoter comprising the approximately 2.1 
kb 5' region of the E8 promoter. A description of this promoter 
region can be found in Deikman et al., supra, and in Deikman et 
al. (Plant Physiol. (1992) 100:2013-2017). 

This E8 promoter is fused to the same SPS encoding sequence 
used for pCGN3812 and pCGN3815, only the SPS sequence used in 
these constructs has been truncated at the Apol site just 3' of 
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the SPS encoding sequence (at nucleotide 3318), and fused to a 
1.2 kb region of the tml 3' 'region from pTiA6 (Barker et al., 
(1983) Plant Mol. Biol. 2:335-350; sequence 11207-10069 of the 
T-DNA region from the AgaroJbacterium tumefaciens Ti plasmid 
5 pTil5955) . Constructs pCGN3342 and pCGN3343 are the opposite 
orientations of this E8-SPS-tmI construct in the 35S kan binary, 
pCGNl557 (McBride and Summerfelt, supra) . Tomato lines arising 
from separate transformation events using pCGN3342 and pCGN3343 
are signified by the construct number followed by a hyphen and 

10 an event number . 

Table 3 provides data from RI measurements of soluble 
solids in tomatoes from greenhouse studies of Tl plants. The 
r/I (refractive index) was measured several times on the fruit 
of these plants. 

15 Assays were made for the SPS activity in control and 

transgenic fruit from the 3343-6 and 3342-11 events. The 
control 7060 fruit was assayed with a SPS activity rate of 17 .8 
jimols sucrose/gram fresh weight /hour. Activity was much higher 
in the transgenic lines, with the 3343-6 event having a rate of 

20 67.5 panels sucrose/g/hr and 3342-11 event measured at 36.6 jimols 
sucrose/g/hr. 'This demonstrates that the increase sugar 
concentration of fruit in transgenic tomatoes over the control 
correlates to an increase of SPS activity in the fruit. 

Tables 4 and 5 provide an analysis of individual sugars as 

25 Measured by HPLC from two separate trials, to determine 

contributions of each sugar to the increased soluble solids 
content observed in transgenic E8-SPS fruit. The data of table 
4 and 5 demonstrate that increased SPS activity from transgenic 
expression in fruit by a fruit specific promoter can produce an 
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overall net increase in sugars in the fruit. Due to the 
endogenous acid invertase found in ripening tomatd fruit, 
increases in sugar are found in glucose and fructose. 

It also appears that there is a correlating increase in ^ 
5 acid levels with an increase in sugar content in fruit 
transformed with E8-SPS. 

All publications and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent application were specifically 
10 and individually indicated to be incorporated by reference: 

Although the foregoing invention has been described in some 
detail by way of illustration and example for purposes of 
clarity and understanding, it will be readily apparent to those 
of ordinary skill in the art in light of the teaching of this 
15 invention that certain changes and modifications may be made 
thereto without departing from the spirit or scope of the 
appended claims. 3 
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CUUMS 

5 

What is claimed is: 

1. A method of increasing the total solids in a plant sink 
tissue from a given ratio of total solids per unit weight of 
sink tissue, as measured in control plant cells, to a different 

10 ratio of total, solids per unit weight, wherein said method 
comprises : - 

growing a plant having integrated into its genome a 
construct comprising, as operably linked components in the 5' to 
3 ' direction of transcription, a transcription initiation region 

15 functional in a plant cell and a DNA encoding a sucrose 
phosphate synthase, wherein said DNA. encoding a sucrose 

, phosphate synthase is not naturally linked to said transcription 
initiation region, and wherein said cell is grown under 
conditions which will permit said transcription initiation 

20 region to function, 

whereby the amount of sucrose available to growing tissues 
in said plant is increased, and whereby the increased sucrose 
results in increased total solids per unit weight in said sink 
tissue. 

25 2. The method of Claim 1 wherein said DMA encoding a 

sucrose phosphate synthase encodes a sucrose phosphate synthase 
derived from corn. 

3. The method of Claim 1 wherein said transcription 
initiation region is tissue specific. 
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The method of Claim 3 wherein said transcription 
initiation region is functional on a fruit cell. 

5. The method of Claim 3 wherein said transcription 
initiation region is functional in a leaf cell. ) 

6. The method of Claim 5 wherein said transcription 
initiation region is a Rubi^co small subunit promoter. 

7 . The method of Claim 1 wherein said increased solids are 

soluble solids. 

8. The method of Claim 1 wherein said tissue is a fruit. 

9. The method of Claim 8 wherein said plant is a tomato 
plant and wherein said plant sink tissue is a tomato fruit. 

10. A method of increasing the soluble solids in a plant 
sink tissue from a given ratio of soluble solids per unit weight 
of sink tissue, as measured in control plant cells, to a 
different ratio of soluble solids per unit weight, wherein said 

method conprises : 

growing a plant having integrated into its genome a } 
construct comprising, as operably linked components in the 5- to 
3- direction of transcription, a transcription initiation region 
20 functional in a plant cell and a n* encoding a sucrose 
phosphate synthase, wherein said DMA encoding a sucrose 
phosphate synthase is not naturally linked to said transcription 
initiation region, and wherein said cell is grown under 
conditions which will permit said transcription initiation 

25 region to function, 

whereby starch is converted to sucrose in said cell and 
whereby an increased level of sucrose is made available to said 
plant sink tissue. 24 
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11. The method of Claim 10 wherein said DNA encoding a 
sucrose phosphate synthase encodes a sucrose phosphate synthase 
derived from corn. 
; 12. The method of Claim 10 wherein said transcription 

5 initiation region is tissue specific. 

13 . The method of Claim 12 wherein said transcription 
initiation region is functional in a fruit cell. 

14. The method of Claim 12 wherein said transcription 
initiation region is functional in a leaf cell and wherein said 

10 sucrose is transported into said sink tissue. 

15. The method of Claim 14 wherein said transcription 
initiation region is a Rubisco small subunit promoter. 

16. The method of Claim 10 wherein said tissue is a fruit. 
17 ... The method of Claim 16 wherein said plant is a tomato 

15 plant and wherein said plant sink tissue is a tomato fruit. 

18. A tomato fruit produced by the method of Claim 17. 
j 19 . The method of Claim 11 wherein said increased soluble 

solids component in said sink tissue comprises sucrose. 

20. The method of Claim 11 wherein said increased soluble 
20 solids in said sink tissue comprises glucose and fructose. 

21. A method of modifying the soluble solids ratios in a 
cell of a plant -sink tissue, as compared to that measured in 
control plant cells, to a different ratio of soluble solids, 
wherein said method comprises : 

25 growing a plant having a sucrose metabolizing enzyme in 

cells of said sink tissue capable of acting on sucrose to alter 
sucrose levels in said sink tissue, said plant having integrated 
into its genome a construct comprising, as operably linked 
components in the 5' to 3 V direction of transcription, a 

25 

SUBSTITUTE SHEET (RULE 26) 



PCI7US96/00S62 

WO 96/21738 

transcription initiation region functional in a plant cell and a 
DMA encoding a sucrose phosphate synthase, wherein said DNA 
encoding a sucrose phosphate synthase is not naturally linked to 
said transcription initiation region, and wherein said cell if ) 
5 grown under conditions which will permit said transcription 
initiation region to function, 

whereby starch is converted to sucrose in said cell to 
provide an increased level of sucrose to said plant sink tissue 
and whereby said sucrose is acted on by said sucrose 

10 metabolizing enzyme. 

22. The method of Claim 21 wherein cells of said sink 
tissue have an increased ratio of fructose to sucrose as 
compared to that of a cell in a control sink tissue. 

23 . The method of Claim 21 wherein said transcription 

15 initiation region is tissue specific. 

24. The method of Claim 21 wherein said transcription 

initiation region is functional in a fruit cell. 1 

25. The method of Claim 21 wherein said transcription 
initiation region is functional in a leaf cell and wherein said 

20 sucrose is transported into said sink tissue. 

26 The method of Claim 25 wherein said transcription 
initiation region is a Rubisco small subunit promoter. 

27. A plant cell having modified levels of fructose and 
sucrose, wherein said modified levels of fructose and sucrose 

25 are produced according to the method of Claim 21. 

28. The method of Claim 21 wherein cells of said sink 
tissue have a decreased ratio of fructose to sucrose as compared 
to that of a cell in a control sink tissue. 
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29. The method of Claim 21 whereby said sucrose 
metabolizing enzyme is acid invertase present in cells of said 
sink tissue, whereby sucrose is degraded to fructose and 
glucose. 

5 30. The method of Claim 29 wherein said acid invertase is 

endogenous to said cells of said sink tissue. 

31. The method of Claim 29 wherein said acid invertase is 
expressed in said cells of said sink tissue from an expression 
construct, wherein said construct comprises, as operably linked 

10 components in the 5' to 3' direction of transcription, a 

transcription initiation region functional in said sink tissue 
cell and a DNA encoding a acid invertase, wherein said cell is 
grown under conditions which will permit said transcription 
initiation region to function. 

15 32. The method of Claim 21 wherein said method further 

comprises; 

) growing said plant having integrated into its genome a 

second construct comprising, as operably linked components in 
the 5' to 3 1 direction of transcription, a transcription 

20 initiation region functional in said sink tissue cell an acid 
invertase . gene sequence, wherein said cell is grown under 
conditions which will permit said transcription initiation 
region to function, and wherein said acid invertase gene 
sequence is in an antisense orientation with respect to said 

25 transcription initiation region, ' 

whereby said sink tissue is prevented from converting 
sucrose to fructose and glucose and whereby cells of said sink 
tissue have a decreased ratio of fructose to sucrose as compared 
to that of cells in a control sink tissue. 
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33. The method of Claim 32 wherein said transcription 

. ^_i.~a -~ «»id antisense DNA sequence to acid 
initiation region uiiaSm . J - 

invertase is a double 35S promoter. 

34. A method of increasing the sweetness of fruit in a ') 
5 transgenic plant, as compared to that measured in tissue of 

fruit of control plants, said method comprising: 

growing a plant having integrated into its genome a 
construct comprising, as operably linked components in the 5' to 
3 • direction of transcription, a fruit specific transcription 

10 initiation region and a DNA sequence encoding sucrose phosphate 
synthase, wherein said sucrose phosphate synthase encoding 
sequence is not naturally linked to said fruit specific 
transcription initiation region, and wherein said cell is grown 
under conditions which will permit said fruit specific 

15 transcription initiation region to function and increase the 
overall sugar content in cells of said fruit. 

35. The method of Claim 1 wherein cells of said fruit ha ) 

an increased level of sucrose as compared to that of a cell in a 

control fruit. 

20. 36. The method of Claim 1 wherein cells of said fruit has 

an increased level of fructose as compared to that of a cell in 

a control fruit. 

37. The method of Claim 1 wherein cells of said fruit 
hasan increased level of glucose as compared to that of a cell 

25 in a control fruit. 

38. The method of Claim 1 wherein said fruit specific 
transcription initiation region is from the E8 promoter. 

39. The method of Claim 1 wherein said plant is a tomato. 
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40. A plant fruit cell having increased sugar content 
produced according to the method of Claim 1. 

41. A tomato fruit cell according to Claim 7. 

') 42. A plant comprising a cell according to Claim 7. 

5 43. A tomato plant according to Claim 9. 

44. The method of Claim 11 wherein said method further 
comprises; 

growing said plant having integrated into its genome a 
second construct comprising, as operably linked components in 

10 the 5' to 3' direction of transcription, a transcription 

initiation region functional in a plant fruit cell and a DNA 
sequence encoding acid invertase, wherein said cell is grown 
under conditions which will permit said transcription initiation 
region of said second construct to function and express acid 

15 invertase in fruit of said plant. 

45. The method of Claim 11 wherein said transcription 
) initiation region linked to said acid invertase is a fruit 

specific promoter. 

46. The method of Claim 12 wherein said fruit specific 
20 promoter is E8. 

47. The method of Claim 11 wherein said method further 
comprises 

growing said plant having integrated into its genome a 
second construct comprising, as operably linked components in 
25 the 5* td 3' direction of transcription, a transcription 

initiation region functional in a plant fruit cell and a DNA 
sequence encoding acid invertase, wherein said cell is grown 
under conditions which will permit said transcription initiation 
region to function, and wherein said acid invertase gene 
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sequence is in an antisense orientation with respect to said 
transcription initiation region, 

whereby cells of said plant fruit are prevented from 
expressing acid invertase and said overall sugar content in / - 
5 cells of said fruit is increased by an increase in sucrose. 

48. The method of Claim 14 wherein said transcription 
initiation region linked to said antisense DMA sequence to acid 

invertase is a fruit specific promoter. 

49. The method of Claim 14 wherein said fruit specif ic 

10 promoter is E8. 

50. The method of Claim 14 wherein said transcription 
initiation region linked to said antisense DMA sequence to acid 
invertase is a double 35S promoter. 

15 



30 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Into *ial Apotieaoao No 

Ptf/US 96/06562 



wrmwr'aaR^ cw/u mihs/» 



Accoctoc to btmiafjonal Patm OaMfUatiOO (IPC) or to bod> tufconal daaaflcaOon tod IPC 



a FIELDS SEARCHED 



IPC 6 C12N A61H 



ratted oft* ta muwm«n temauhoa to o» mm that ax* 



Ekctrac data teat oooaUtcd during tM bmmmmI search (asms of data baaa sod, wbara prtctcai, start** mm und) 



C DOCUMENTS CONSIDERED TO 86 RELEVANT 



Ctfefory ' Otaftjoaof 



of thai 



lUkramioc 



i No. 



PLANT PHYSIOLOGY, 

vol. 191, 1993. 

pages 535-543 , XP962Ge2229 

GALTIER, N., ET AL.: •Effects of elevated 

sucrose-phosphate synthase activity on 

photosynthesis, assimilate partitioning, 

and growth in tomato (Lycopersicon 

esculentum var UC82B)" 

see the whole document 

-/-- 



1-50 




INTERNATIONAL SEARCH REPORT 



ln» 'ml A«*«««> N <> 

PCT/US 96/90562 



I rtrmi } DOCUMENTS CONSIDERED TO BE RELEVANT 



I Cattfoiy* 



ANNUAL MEETING OF THE AMERICAN SOCIETY OF 
PLANT PHYSIOLOGISTS, PORTLAND. OREGON, 
USA, JULY 38-AU6UST 3. 1994. PLANT 
PHYSIOLOGY (R0CKV1LLE) 195 (1 SUPPL.). 
1994. 23. , XP992992239 
FOYER C H., ET AL.: 'Modifications in 
carbon assimilation, carbon partitioning 
and total biomass as a result of 
over-expression of sucrose phosphate ^ 
synthase in transgenic tomato plants, 
see abstract 65 

W0.A.92 16631 (ROUSSEL UCLAF) 1 October 
1992 

see the whole document 

W0.A.94 96563 (INST GENB10L0GISCHE 
F0RSCHUN6 ;S0NNEWALD UWE (DE)) 6 January 
1994 

see the whole document 

EP.A.0 539 978 (CAMBRIDGE ADVANCED TECH) 

18 March 1993 

see the whole document 

EP,A,9 438 994 (CAMBRIDGE ADVANCED TECH) 

31 July 1991 ■ . 

see page 3, line 14 - line 20 

W0.A.94 28146 (HOECHST SCHERIMG AGREVO 
GMBH ;HESSE HOLGER (DE); MUELLER ROEBER 
BE) 8 December 1994 
see the whole document 

BIOLOGICAL ABSTRACTS, vol. 199, 
1995 

Philadelphia, PA, US; 

abstract no. 42942, ■ 

M1CALLEF, B.J., ET AL.: "Altered 

photosynthesis, flowering, and fruiting in 

transgenic tomato plants that have an 

increased capacity for sucrose synthesis 

XPe62092232 

see abstract 

& PLAMTA (HEIDELBERG). 

vol. 19)5. no. 2, 1995, 

pages 327*334. 

W0.A.93 86711 (UNIV CALIFORNIA) 15 April 
1993 

see the whole document 

-/-- 



Relevant to datm No. 



1-58 



1-58 



1-50 



1-58 



1-58 



1-58 



1-59 



31.32. 
38.44-49 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



|n» ocul Application No 

PCf/US 96/96562 



rrrrf — — ) DOCUMENTS CONSIDERED TO M RELEVANT 



» iriiatio* wb»t ^propria*, of Om nlmrt 



H0.A.92 14831 (SALK INST BIOTECH INO) 3 
Septenter 1992 

see page 4, line 1 - page 6, line 21; 
claim 22 

see page 9, line 19 - line 18 

see page 59. line 17 - page 68, line 15 

PLANT PHYSIOLOGY, 

vol. lee, 1992. 

pages 310-388. XP8e2882231 

HE1NEKE, D.. ET AL.: -Apoplastic 

expression of yeast-derived inveertase in 

potato" 

see page 387, right-hand col inn 

W0.A.93 14212 (ZENECA LTD) 22 July 1993 
see the whole document 



31,32, 
44-49 



31 



18,48-43 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 



Patent ( 
cited in search report 

WO-A-9216631 



WO-A-9408563 



I Int lonil Application No 

PCf/US 96/Q0562 



Publication 
dmtt 

01-10-92 



96-01-94 



Punt famay 
memttfW 



AU-B- 
AU-B- 
EP-A- 

DE-A- 
AU-B- 
CA-A- 
EP-A- 
HU-A- 
JP-T- 



662111 
8765591 
0533849 

4228758 
4599493 
2136828 
8648262 
71573 
7598496 



Publication 



24-93-95 
21-19-92 
31-93-93 

95-91-94 
24-01-94 
06-91-94 
19-94-95 
28-12-95 
21-89-95 





18-93-93 


CA-A- 


2875388 




EP-A-9438994 


31-97-91 


AU-B- 
JP-A- 
US-A- 


6836599 
4341126 
5387756 


27-11-92 
07-02-95 


W0-A-9428146 


98-12-94 


DE-A- 
EP-A- 


4317596 
8791617 


20-83-96 




15-04-93 


AU-B- 


2772792 




W0-A-9214831 


03-09-92 


AU-B- 
BR-A- 
EP-A- 
HU-A- 


1456292 
9295480 
0573566 
66831 


01-03-94 
15-12-93 
30-01-95 




22-07-93 


AU-B- 


3262293 





) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



Ijf BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
0BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

GfREFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




